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C h a p t e r  1
INTRODUCTION
A zone  o f  a l i g n e d  g e o l o g i c  f e a t u r e s  e x t e n d s  i n t e r ­
m i t t e n t l y  f r o m  t h e  P a c i f i c  c o a s t  o f  n o r t h w e s t e r n  U n i t e d  
S t a t e s  e a s t v / a r d  i n t o  t h e  G r e a t  P l a i n s .  I t  c a n  b e  r e c o g ­
n i z e d  on g e o l o g i c  and  t e c t o n i c  maps o f  N o r t h  A m e r i c a  
( G o d d a r d  e t  a l . ,  1 9 6 9 ; K i n g ,  1 9 6 9 )  a s  a  s t r u c t u r a l  zone  
t h r o u g h  W a s h i n g t o n ,  n o r t h e r n  I d a h o ,  an d  M o n ta n a .  The zone  
i s  d e f i n e d  b y  a  d i v e r s e  c o l l e c t i o n  o f  g e o l o g i c  e l e m e n t s ,  
a l t h o u g h  a t  p r e s e n t ,  e v i d e n c e  f o r  t h e  z o n e  i s  l a r g e l y  p h y s i o ­
g r a p h i c  o v e r  much o f  i t s  e x t e n t .  V a r i o u s  s e g m e n t s  h a v e  b e e n  
r e c o g n i z e d  b y  a u t h o r s  o f  g e n e r a l  w o rk s  on N o r t h  A m e r i c a n  
g e o l o g y  ( E a r d l e y ,  1 9 5 1 ; K in g ,  1 9 5 9 # B a d g l e y ,  1 9 6 5 ) .  I n  
t o t a l ,  t h e  g e o l o g i c  e v o l u t i o n  a n d  s t r u c t u r a l  m o t i f  r e m a i n  
p o o r l y  u n d e r s t o o d .  E v en  t h e  l o c a t i o n  o f  r e g i o n a l  s e g m e n t s  
o f  320  km i n  l e n g t h  w i l l  v a r y  a c c o r d i n g  t o  t h e  c r i t e r i a  
u s e d  f o r  d e f i n i t i o n  (Weidman, 1 9 6 5 ) .  The f a r t h e s t  r e c o g ­
n i z e d  p r o j e c t i o n  o f  t h i s  l i n e a m e n t  t o  t h e  s o u t h e a s t  i n c l u d e s  
a n  o f f s e t  o f  t h e  M i d - C o n t i n e n t  g r a v i t y  h i g h  i n  Iow a  ( S a l e s ,  
1 9 6 8 ) .
I f  t h e  c o n t i n e n t a l  d i m e n s i o n  o f  t h i s  l i n e a r  zone  o f  
c r u s t a l  d e f o r m a t i o n  i s  v a l i d ,  i t  i s  a  f u n d a m e n t a l  t e c t o n i c  
f e a t u r e  o f  N o r t h  A m e r ic a .  The p u r p o s e  o f  my s t u d y  i s  t o
analyse geophysical data, principally magnetic but also 
gravity, over a 270 km length of this feature in western 
Montana for evidence of its geometry and kinematics.
Geologic Setting
The complex system of mountain ranges of the North 
American Cordillera are a prominant feature from Alaska to 
Central America; however, an anomalous bulging of the 
United States Cordillera contrasts markedly with its 
Canadian and Mexican counterparts-. This enlarged portion, 
v/hich is twice as wide as the Cordillera to the north or 
south, includes the Middle and Southern Rockies, the 
Columbia and Colorado Plateaus, and the Basin and Range 
tectonic provinces. Transverse to and forming the northern 
boundary of the anomalous Cordillera is a lineament trending 
west-northwest to east-southeast. The elements comprising 
the lineament (Figure l) can be easily traced on the tectonic 
and basement rock maps of North America (King, 1969; Bayley 
and Muehlberger, 1968).
The westernmost feature comprising the lineament 
is the Strait of Juan de Fuca at the northern boundary of 
the Olympic uplift. Eastward, butting against the northern 
limit of the massive Columbia River Basalts, the Cathedral, 
Colville, and Loon Lake batholiths follow in a jagged 
procession across Washington. From Couer d'Alene, Idaho 
to Missoula a pronounced zone of faulting is the most
COLORADO |
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Figure 1. Sketch Map of Montana Lineament and Possible
Related Geologic Features
Numbered in order mentioned:
1. Strait of Juan de Fuca
2. Olympic uplift
3. Columbia River Basalts
4. (a) Cathedral, (b) Colville, (c) Loon Lake batholiths
5. Zone of faulting including Osburn fault zone
6. (a) Idaho, (b) Boulder batholiths
7. Montana Belt embayment
8. Anticline between (a) Crazy Mountains basin and
(b) V/heatland syncline, (c) Big Coulee— Hailstone dome
9. Lake Basin fault zone
10. (a) Beartooth, (b) Bighorn, (c) Black Hills uplifts
11. (a) Nye--Bowler lineament, (b) Cat Creek fault zone
12. (a) Highwood, (b) Moccasin, (c) Judith Mountains 
intrusives
13. (a) Porcupine Dome, (b) Miles City Arch
14. Sioux uplift
15. Mid-Continent gravity high offset
prominent feature of the lineament. This segment coincides 
with the northern boundary of the Idaho batholith. The 
Boulder batholith to the east is also immediately south of 
the lineament. Between these batholiths is a belt of 
Tertiary volcanics coincident with the zone of faulting.
The elongated Montana Belt embayment (Precambrian 
supracrustal sedimentary rocks) is a prominant lineament 
feature in central Montana. The axis of the anticline be­
tween the Crazy Mountains basin and the Wheatland syncline 
within this area projects directly into the Big Coulee- 
Hailstone dome and the Lake Basin fault zone. Several 
trends of geologic features in central Montana parallel the 
lineament. The northern boundaries of the Beartooth, Big­
horn, and Black Hills (South Dakota) uplifts form a parallel 
alignment to the south of the lineament. The Nye-Bowler 
lineament and the Cat Creek fault zone parallel the Lake 
Basin fault zone to the south and north respectively. The 
Highwood, Moccasin, and Judith Mountains intrusives align 
with the Cat Creek anticline and the Porcupine Dome to form 
another parallel lineation north of the lineament proper.
Features east of Billings, Montana become more spec­
ulative as to their relationship with the lineament. The 
Miles City Arch, if considered an east-southeast aligned 
feature of the Porcupine Dome, could be a parallel element 
to the north. Directly on the lineament trend is the Sioux 
uplift in southeastern North Dakota. Basement structure of
P r e c a m b r i a n  s u p r a c r u s t a l  s e d i m e n t a r y  r o c k s  e x t e n d s  w e s t w a r d  
i n  a  n a r r o w  b e l t  f r o m  t h i s  u p l i f t  d i r e c t l y  t o w a r d  t h e  
M o n t a n a  B e l t  e m b a y m e n t .  The  o f f s e t  i n  t h e  M i d - C o n t i n e n t  
g r a v i t y  h i g h  i n  I o w a  c a n  b e  r e l a t e d  t o  t h e  l i n e a m e n t  
t r e n d  ( S a l e s ,  1 9 6 8 ) .  T h i s  f e a t u r e  i s  a p p r o x i m a t e l y  2 5 0 0  
km f r o m  t h e  P a c i f i c  O c e a n  a t  t h e  S t r a i t  o f  J u a n  de  F u c a .
A c o n s e n s u s  on  t h e  r e l a t i o n s h i p  o f  t h e  v a r i o u s  
f e a t u r e s  c o m p r i s i n g  t h e  l i n e a m e n t  h a s  n o t  a p p e a r e d  i n  t h e  
g e o l o g i c  l i t e r a t u r e .  T h e o r i e s  d e v i s e d  t o  e x p l a i n  t h e  
C o r d i l l e r a  s t r u c t u r a l  f o r m  d o  n o t  a l w a y s  i n c l u d e  t h i s  
l i n e a m e n t ,  s o m e t i m e s  p r e f e r i n g  t h e  m o re  r e s t r i c t e d  O l y m p i c -  
W a l l o w a  l i n e a m e n t  o r  a  s c h e m e  o f  n o r t h - s o u t h  s t r i k e - s l i p  
f a u l t i n g  a l o n g  t h e  c o a s t  ( W i s e ,  1 9 6 3 ?  W a t k i n s ,  1 9 6 7 ;  A t w a t e r ,  
1 9 7 0 ) .  S t u d i e s  w h i c h  i n d i r e c t l y  p o i n t  t o  t h e  p r e s e n c e  o f  
t h e  e a s t - s o u t h e a s t  l i n e a m e n t  i n c l u d e  d e e p  r e s i s t i v i t y  s u r ­
v e y s  ( C a n t w e l l  e t  a l . , 1 9 6 5 ;  C a n t w e l l  a n d  O r a n g e ,  1 9 6 5 )  a n d  
s e i s m i c  r e f r a c t i o n  m e a s u r e m e n t s  ( H i l l ,  1 9 7 2 ) .  A c t i v e  e a s t -  
s o u t h e a s t  t r e n d i n g  f a u l t s  b e t w e e n  P u g e t  S o u n d  a n d  t h e  
O ly m p ic  P e n i n s u l a  ( D a n e s  e t  a l . , 1 9 6 5 ) ,  i f  c o r r e l a t e d  w i t h  
a  r e p o r t e d  s i n k i n g  s l a b  b e n e a t h  w e s t e r n  W a s h i n g t o n  ( M c K e n z ie  
a n d  J u l i a n ,  1971  )> m i g h t  a l s o  b e  f u r t h e r  e v i d e n c e  o f  t h e  
l i n e a m e n t .  A t  p r e s e n t ,  t h e  w e s t e r n  e x t e n s i o n  o f  t h e  l i n e a ­
m e n t  i s  s p e c u l a t i v e .  The m a g n e t i c  a n o m a l y  map o f  t h e  n o r t h ­
e a s t e r n  P a c i f i c  ( R a f f  a n d  M a s o n ,  1961  ) s u g g e s t s  r e l a t i v e  
r o t a t i o n a l  m o v e m e n ts  o f  t h r e e  l i t h o s p h e r i c  p l a t e s  ( W i l s o n ,  
1 9 6 5 ; P a v o n i ,  1 9 6 6 ;  M c K e n z ie  a n d  P a r k e r ,  1 9 6 7 ;  T o b i n  a n d
S y k e s ,  1 9 6 8 ; P e t e r  an d  L a t t i m o r e ,  1 969  5 S i l v e r ,  1 9 7 1 ) ,  
t h e r e f o r e ,  t r a c i n g  t h e  l i n e a m e n t  i n t o  t h i s  a r e a  r e m a i n s  
u n r e s o l v e d .
P e r h a p s  t h e  e a r l i e s t  r e c o g n i t i o n  o f  t h e  p o s s i b l e  
e x t e n t  o f  a n y  p o r t i o n  o f  t h e  l i n e a m e n t  was s p u r r e d  b y  e c o ­
n om ic  a c t i v i t y  i n  t h e  C o u e r  d ' A l e n e  m i n i n g  d i s t r i c t .
A l t h o u g h  t h e  f i r s t  USGS f i e l d  w o rk  i n  t h i s  a r e a  was i n  1903 
(R a n so m e ,  1 9 0 5 )# i t  was n i n e  y e a r s  l a t e r  t h a t  C a l k i n s  an d  
J o n e s  ( 1 9 1 2 )  s u g g e s t e d  t h a t  t h e  4 8 0  km l i n e a r  d e p r e s s i o n  
f r o m  S p o k a n e ,  W a s h i n g t o n  t o  D e e r  L o d g e ,  M o n ta n a  was d e t e r ­
m in e d  l a r g e l y  b y  f a u l t i n g .  Much l a t e r  ( B i l l i n g s l e y  a n d  
L o c k e ,  1 9 4 1 )  a n o t h e r  e c o n o m ic  s t u d y  s u g g e s t e d  t h a t  a  n o r t h ­
w e s t  t e a r  f a u l t  z o n e  f r o m  H e l e n a  a n d - M i s s o u l a  t o  S p o k a n e ,  
t h e  " L e w is  an d  C l a r k  l i n e " ,  was o f  c o n t i n e n t a l  s c a l e .  T h i s  
h a s  b e e n  e x t e n d e d  t o  n o r t h w e s t  W a s h i n g t o n  a s  a  w e l l - d e f i n e d  
b e l t  on t h e  b a s i s  o f  i g n e o u s  i n t r u s i v e s ,  z o n e s  o f  s t r u c t u r a l  
w e a k n e s s ,  a n d  m i n i n g  d i s t r i c t s  o f  g o l d ,  s i l v e r ,  c o p p e r ,  l e a d ,  
a n d  z i n c  ( J e r o m e  a n d  C ook ,  1 9 6 7 ) .
The t e c t o n i c  i m p o r t a n c e  o f  t h e  " L ew is  an d  C l a r k  l i n e ­
a m e n t s "  i n  t h e  d e v e l o p m e n t  o f  t h e  N o r t h e r n  Rocky M o u n t a i n  
P r o v i n c e  h a s  b e e n  d e m o n s t r a t e d  b y  S m i t h  ( 1 9 6 5 ) *  T h e s e  
" l i n e a m e n t s "  a r e  d e s c r i b e d  a s  a  1 0 0 - 1 5 0  km w id e  s t r u c t u r a l  
b e l t  a t  l e a s t  800 km l o n g  b e l i e v e d  t o  r e f l e c t  d e e p - s e a t e d  
t r a n s c u r r e n t  m ovem ents  o f  t h e  e a r t h ' s  c r u s t  f r o m  c e n t r a l  
M o n ta n a  i n t o  I d a h o .  The s t r u c t u r a l  e l e m e n t s  a t  t h e  e a s t e r n  
a n d  w e s t e r n  l i m i t s  a r e  r e f e r r e d  t o  b y  n u m e ro u s  a u t h o r s :
1) Those in central Montana are the Lake Basin fault zone 
(Hancock, 1918; Chamberlin, 1919). Nye-Bowler lineament 
(Wilson, 1936; Foose et al., 1961), the Cat Creek fault zone 
and the relationship of these to central Montana geology 
(Thom, 1923 i Chamberlin, 19̂ +5 J Alpha and Fanshawe, 195^; 
Spencer, 1959; Osterwald, 19615 Norwood, 1965)*
2) The Osburn fault zone to the west has changed in def­
inition from a 29 km long fault (Ransome and Calkins, 1908) 
to an 800 km long fault zone with 26 km of right-lateral 
movement (Hobbs et al., 1965) together with a changing des­
cription of fault zone parameters and features (Calkins and 
MacDonald, 1909; Umpleby, 192^; Wallace and Hosterman, 1956; 
Campbell, i960; Wallace et al., i960).
In agreement with Smith's hypothesis (1965). Sales 
(1968) has modeled the Cordillera Foreland deformation and 
shows a regional west-northwest left-slip coupling. This 
model and the analyses of numerous other authors have pro­
duced a kinematic paradox. The portion of the lineament 
termed the "Montana lineament" (Blackstone, 1956; Poulter, 
1959). which extends the Osburn fault zone through the 
central Montana fault zone, is convincingly documented as 
right-lateral strike-slip faulting at its west end (Hobbs 
et al., 1965). However, on the east is a classic example 
of strain ellipsoid solution for en echelon faulting re­
sulting from deep left-lateral movement between basement 
blocks (Badgley, 1965. P* 108).
Present Study 
This geophysical investigation was designed as a 
search for evidence of the extent, geometry, and kinematics 
of a portion of the lineament in western Montana. The area 
chosen was a zone, approximately 65 km wide and 270 km in 
length, oriented along the east-southeast trend of the
Montana lineament east of the Idaho-Montana border. The
western portion of the investigation area is located over
the Osburn fault zone, a major structural element of the
Montana lineament. A primary objective was the search for 
evidence in geophysical data of the eastward continuation 
of this fault zone.
Data utilized were of two types, magnetic and gravity. 
Gravity data were reconnaissance in nature and consisted of 
four traverse lines oriented normal to the Montana lineament 
trend. An aeromagnetic survey, over a major portion of the 
investigation area on the east augmented an earlier aero­
magnetic survey covering the Osburn fault zone area on the 
west. Magnetic and gravity data were analyzed specifically 
for geologic structural evidence on a regional scale.
Investigation Area Location 
This investigation covered an area (Figure 2) extend­
ing from Wallace, Idaho to Garrison Junction, Montana, gen­
erally centered around the city of Missoula in western Mont­
ana. For convenience, the investigation area was divided 
into three sections with a combined area totaling about
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220,720 km . The western section comprises approximately 
one-third of the total investigation area. Figure 3 shows 
the location of the two eastern sections where aeromagnetic 
data was generated for this study. The boundaries are 
located relative to quadrangles shown on the USGS Index to 
Topographic Maps of Montana for ease in locating the detail­
ed maps of specific areas. The magnetic survey can be div­
ided into two parts on the basis of flight altitude and 
flight line spacing, namely the Montana lineament section 
and the smaller triangular-shaped Ovando section. The for­
mer extends northwest from the Garrison— Deer Lodge--Ana- 
conda area to the Alberton— Superior— Lolo Hot Springs area,
r\
covering 12,479 km . The Ovando section covers 3,731 km2 
north from the Ovando--Seeley Lake area.
Related Geophysical Surveys 
Magentic surveys related to my investigation are 
shown in Figure 4. Magnetic data for the western portion 
were obtained from the recently published aeromagnetic and 
geologic map by Kleinkopf, Harrison, and Zartman (1972).
This study related the area geology, lead isotope data, and 
magnetic data to vein-type mineralization. The magnetic 
survey of their report was flown by Lockwood, Kessler, and 
Bartlett in 1968 and was previously released by the USGS 
(USGS, 1969 a--g). These magnetic data were recorded at a 
barometric elevation of 2,134 m asl along east-west flight
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Figure 3. Magnetic Survey Location Map 
Boundaries are located relative to the USGS Index to Topo­
graphic Maps of Montana.
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Figure Related Aeromagnetic Surveys
A. Kleinkonf et al., 1972
B. USGS, 1969 a-g
C. Zietz et al., 1971
D. USGS, 1970
E. USGS, 1966
F. Johnson et al., 1965
G. Mudge et al. , 1968
H. USGS, 1967
I. Harrison et al., 1969 
J. Mudge et al., 1966
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l i n e s  w i t h  a p p r o x i m a t e l y  1 . 6  km s p a c i n g .  D e s p i t e  a  152 m 
d i f f e r e n c e  b e t w e e n  t h e  USGS f l i g h t s  a n d  m in e ,  t h e  USGS mag­
n e t i c  d a t a  a r e  i n  e x c e l l e n t  a g r e e m e n t  w i t h  t h e  r e s u l t s  o f  
my s u r v e y .
A d j a c e n t  m a g n e t i c  s u r v e y s  t o g e t h e r  w i t h  t h i s  i n v e s t i ­
g a t i o n  a n d  t h e  USGS m a g n e t i c  d a t a  s e r v e  a s  m u t u a l  c h e c k s  o f  
i n t e r - s u r v e y  c o n s i s t e n c y .  G r e a t e s t  o v e r l a p  i s  w i t h  a n  a e r o -  
m a g n e t i c  s t r i p  map r a n g i n g  f r o m  e a s t  o f  t h e  R ocky  M o u n t a i n s  
t o  t h e  P a c i f i c  O cean  b e t w e e n  t h e  l a t i t u d e s  4 5 ° 3 0 'N  a n d  ^ 7 °N 
( Z i e t z  e t  a l . , 1 9 7 1 ) .  T h r e e  o t h e r  s u r v e y s  c o v e r  a r e a s  s o u t h  
o f  t h e  M o n ta n a  l i n e a m e n t  p r o j e c t ,  one i n  t h e  B i t t e r r o o t  
M o u n t a i n s  (USGS, 1 9 7 0 ) ,  t h r e e  p r o f i l e s  a c r o s s  t h e  B i t t e r r o o t  
V a l l e y  (USGS, 1 9 6 6 ) ,  a n d  a n  a e r o m a g n e t i c  s u r v e y  o f  t h e  
B o u l d e r  B a t h o l i t h  ( J o h n s o n  e t  a l . , 1 9 6 5 ) .  The c o r r e l a t i o n  
o f  t h e  m a g n e t i c  a n o m a l i e s  b e t w e e n  s u r v e y s  i s  e x c e l l e n t ,  
a l t h o u g h  d e t a i l  i s  l a c k i n g  i n  t h e  Z i e t z  map due  t o  a  4 5 7 2  m 
a l t i t u d e  and  a  f l i g h t  l i n e  s p a c i n g  o f  5 '  l a t i t u d e .
The n o r t h e r n  b o u n d a r y  o f  t h e  l i n e a m e n t  s u r v e y  o v e r ­
l a p s  o r  j o i n s  t h r e e  a e r o m a g n e t i c  s u r v e y s .  The e a s t e r n m o s t  
o f  t h e s e  i s  a  r e c o n n a i s s a n c e  s t u d y  o f  t h e  L e w is  a n d  C l a r k  
Range (Mudge e t  a l . , 1 9 6 8 ) w h i c h  u t i l i z e d  t h e  w e s t e r n  p a r t  
o f  a  l a r g e r  USGS a e r o m a g n e t i c  s u r v e y  on o p e n  f i l e  (USGS, 
1 9 6 7 ).  E a s t - n o r t h e a s t  t r e n d i n g  f l i g h t  l i n e s  o f  3 . 2  km 
s p a c i n g  a t  a  b a r o m e t r i c  e l e v a t i o n  o f  2 , 7 ^ 3  m a s l  w e re  f l o w n  
t o  o b t a i n  t h e s e  d a t a  w h ic h  a r e  a d j a c e n t  t o  t h e  e a s t e r n  
b o u n d a r y  o f  t h e  Ovando map ( P l a t e s  I I  a n d  I V) .  H a r r i s o n ,
Reynolds, Kleinkopf, and Pattee (1969) have published aero- 
magnetic data of an area in the Mission Mountains west of 
the Ovando map and north of the lineament survey. These 
data were gathered in 1967 along east-west traverses of 1.6 
km spacing and a barometric elevation of 2,7^3 m asl. The 
correlation of these aeromagnetic data with those produced 
in the lineament study is very good in view of the different 
survey specifications. The last of the three surveys is the 
southernmost traverse of four aeromagnetic lines flown 
across the Montana Disturbed Belt (Mudge et al., 1966).
This profile crosses the Ovando map area over a prominant 
anomalous feature (see Figure if and Plates II and IV). Un­
fortunately, "the accuracy and signifigance of the data 
along this line are uncertain" (Mudge et al., 1966, p. Bill) 
and are not considered in the present interpretation.
Chapter 2
COLLECTION AND REDUCTION OF DATA 
Magnetic Data
Equipment
Three integrated pieces of equipment were utilized 
during the aeromagnetic survey operations: the airplane, 
magnetometer, and camera. The survey airplane was a Cessna 
206. Relatively minor modifications were necessary to use 
this aircraft since a camera port was available from former 
operations. The instruments and cable reel were secured 
directly to the aircraft. Modification of the rear door 
allowed the launching and retrieval of the magnetometer 
sensing head. To eliminate magnetic interference from the 
airplane, the 'bird' was trailed behind during survey re­
cording. Connections were made for the instruments to 
interface with the aircraft's electrical system.
A proton free precession magnetometer with accuracy 
to + one gamma was used for measurement of the total mag­
netic intensity. The instrumentation was an Elsec-Wisconsin 
digital recording proton precession system (Wold, 1964) that 
analog recorded the magnetic data on Rustrak strip charts 
and digitally recorded on paper tape both the magnetic data
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and p h o to g ra p h  t i m e s .  A 70mm m i l i t a r y  P2 cam era  w i t h  e l e c ­
t r o n i c  s h u t t e r  and rew ind  was s y n c h r o n i z e d  w i t h  t h e  r e c o r d ­
in g  t a p e  t o  u t i l i z e  p r e c i s e  t i m i n g  n o t a t i o n  f o r  l o c a t i o n  
c o n t r o l .
C o n t r o l
Su rvey  c o n t r o l  c o n s i s t e d  o f  two p a r t s :  n a v i g a t i o n a l  
and m a g n e t i c .  The n a v i g a t i o n  c o n t r o l  was b a s e d  on b o th  p r e -  
f l i g h t  p l a n n i n g  and i n - f l i g h t  c o r r e c t i o n s .  P r i o r  t o  s u r v e y  
o p e r a t i o n s  f l i g h t  l i n e s  were l o c a t e d  on a US F o r e s t  S e r v i c e  
p l a n i m e t r i c  map, s c a l e :  = 1 m i l e .  USGS t o p o g r a p h i c  maps
were u t i l i z e d  f o r  d e t a i l e d  c h e c k p o i n t  d e s c r i p t i o n s .  These 
s p e c i f i c  c h e c k p o i n t s ,  l i s t e d  i n  t h e  l o g  p r i o r  t o  f l i g h t ,  
were g iv e n  a t im e  n o t a t i o n  i n  t h e  f l i g h t  l o g  d u r i n g  th e  
s u r v e y  a t  t h e  moment t h e  cam era  was p h o to g r a p h in g  t h e  a c t ­
u a l  p o s i t i o n  o v er  th e  a r e a  o f  t h e  c h e c k p o i n t .  Each p h o to ­
g rap h  was l a t e r  u t i l i z e d  i n  c o n j u n c t i o n  w i t h  th e  t im e  r e ­
c o r d e d ,  b o th  i n  th e  l o g  and on th e  p a p e r  t a p e ,  t o  f i x  th e  
a c t u a l  f l i g h t  p a t h  on th e  f i n a l  F l i g h t  L ine  L o c a t i o n  Map 
( P l a t e  I and I I ) .  T h is  f l i g h t  l i n e  c h e c k p o i n t  s y s t e m  can  
p la c e  t h e  a i r c r a f t  o v e r  a  known 7 .6  m s q u a r e  a t  a g iv e n  t im e 
u n d e r  i d e a l  c o n d i t i o n s  of  maps, r e c o r d s ,  and p h o to g r a p h s .
Means of  m agne t ic  c o n t r o l  were t h r e e f o l d .  D a i l y  
t e l e p h o n e  checks  t o  th e  F r e d r i c k s b u r g  Geomagnetic  C e n te r  
b e f o r e  f l i g h t  o p e r a t i o n s  a s c e r t a i n e d  th e  immediate  s t a t u s  of  
m agne t ic  s to rm  and s e v e r e  m ag n e t ic  f i e l d  a c t i v i t y .  This  
p r e c a u t i o n  e l i m i n a t e d  th e  n e c e s s i t y  o f  r e s u r v e y i n g  an a r e a
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due t o  d a t a  r e n d e r e d  u s e l e s s  b y  f i e l d  a c t i v i t y .  The d i u r n a l  
d r i f t  f a c t o r  was c o n t r o l l e d  by d a i l y  m agnetograms f ro m  th e  
Newport G e o p h y s i c a l  O b s e r v a t o r y ,  W a sh in g to n  ( s e e  Appendix  
B).  T ie  l i n e s  were f lo w n  p e r p e n d i c u l a r  t o  t h e  s u r v e y  l i n e s  
a s  a  c h e c k  on t h e  i n s t r u m e n t a l  d r i f t .
The main i n - f l i g h t  c o n t r o l  i n f o r m a t i o n  was r e c o r d e d  
i n  e a c h  f l i g h t  l i n e  l o g  i n  t h r e e  s e c t i o n s :  l )  l i n e  number,  
d i r e c t i o n ,  a l t i t u d e ,  and f l i g h t  l i n e  d i s t a n c e ;  2)  d a t e ,  
o p e r a t o r ,  p i l o t ,  and n a v i g a t o r - s c r i b e ; and 3 )  c h e c k p o i n t  
( p r e l i s t e d ) ,  p h o t o g r a p h i n g  t i m e ,  and comments.
D a ta  p r o c e s s i n g
E i g h t  m a jo r  p h ases  were n e c e s s a r y  f o r  t h e  c o m p i l a t i o n  
o f  t h e  m a g n e t ic  d a t a .  The s e r i e s  o f  s t e p s ,  s t a r t i n g  w i th  
t h e  m a g n e t i c  r e a d i n g s  and c u l m i n a t i n g  i n  a  t o t a l  i n t e n s i t y  
m a g n e t ic  c o n t o u r  map of  t h e  s u r v e y  a r e a ,  e n t a i l  b o th  manual 
and co m p u te r  o p e r a t i o n s .  The p h a s e s  o f  t h e  d a t a  p r o c e s s i n g  
s y s te m  a r e  d e t a i l e d  i n  A ppendix  C. I n  summary, t h e s e  p h ases  
a r e :
1. S u rv ey  d a t a  on p a p e r  t a p e
2. P a p e r  t a p e  t o  co m p u te r  c a r d s
3. I n f o r m a t i o n  and f o rm a t
Raw d a t a  c a rd  d eck  t o  co m p u te r  t a p e
5. C a l c u l a t e  and p l o t  anomaly p r o f i l e s
6. Check p r o f i l e s  and c a l c u l a t e  t i e  l i n e  f a c t o r s
7. P l o t  c o n t o u r  i n t e r v a l s
8. C o n to u r  s u r v e y  a r e a  map (m anua l)
C o n v e r s io n  of  t h e  d i g i t a l  p a p e r  t a p e  t o  co m p u te r  c a r d s  p r o ­
duced e r r o n e o u s  l e t t e r s  among t h e  v a l i d  num eric  r e a d i n g s  
th ro u g h  a m e c h a n ic a l  p rob lem  t h a t  n e c e s s i t a t e d  an  e d i t i n g
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clean-up. This was accomplished in the information and for­
mat phase, as well as eliminating spurious readings or 
numbers recorded while flying between the survey flight 
lines.
Data were sequenced by day and by location of the 
flight line, placed in an array, and each line was then 
labeled with the following information: line number, direc­
tion of flight, date, starting time, end time, distance of 
flight line, diurnal drift factor, position of the southern­
most and westernmost checkpoint, blanks in data array, and 
end of data array. A south or west flight direction identi­
fication was also included which allowed for the reversal of 
arrays, thus all calculations and profiles can be either 
south-to-north or west-to-east.
The raw data were corrected in phase 5* An equipment 
idiosyncrasy of 200 and 800gamma jumps were corrected, any 
spurious readings larger than 125 gammas relative to adja­
cent readings were removed and replaced by an averaged read­
ing, the ambient field was removed, all data were referenced 
to an arbitrary datum of 57000 gammas, and the data were cor­
rected for diurnal drift.
These final corrected data were plotted by line as 
profiles at the same horizontal scale (a" = 1 mile) as the 
base map to facilitate manual contouring of the magnetic 
anomaly maps (Plates III and IV), phase 8. This last phase 
was aided mainly by phase 7. the calculation and plotting of
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the contour intervals (20 gamma) for each profile. Both of 
the plot programs utilized terminal operations with a Sigma 
7 computer and IBM 5731 Plotter.
Values for the curvature map (Plate V) were computed 
by a square grid method (Henderson and Zietz, 1949) which 
superimposes a grid over the aeromagnetic total intensity 
map. Because this method uses residual total intensity, 
the geomagnetic gradient was removed from the USGS data.
Nine intensity values, forming a.square pattern and inter­
polated at a grid-line intersection, are utilized to cal­
culate the second vertical derivative of the center point. 
The spacing of the grid acts as a filter that selectively 
retains the features associated with sources having an upper 
surface at or above a depth equal to this spacing (Vacquier 
et al., 1951) • The anomalies enhanced on the curvature map 
are, therefore, those with a wave length greater than twice 
the grid spacing. Location of the zero, maximum, and mini- 
mums of the anomalous bodies are not affected by the grid 
spacing. The zero contour tends to outline the anomalous 
source body as seen by comparing the Garnet Range anomalies 
of Plates II and V. The curvature map grid spacing of 4.8 
km in effect is a filter to 2544 m below sea level.
Gravity Data
Gravity stations were established along four north- 
south traverses spaced approximately 66 km apart. These
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lines, ^8 to 66 km in length, were located in both the aero- 
magnetic survey area original to this investigation and in 
the area to the west covered by USGS aeromagnetic data. The 
western section included a traverse through the Lookout Pass- 
Avery, Idaho area and one through Paradise and Superior.
The two traverses in the eastern section were through the 
Missoula and the Drummond areas. The four lines were locat­
ed transverse to the Montana lineament (see Plate V).
Field methods
Three readings were taken and averaged at each of the 
58 observation points using a Worden gravity meter with a 
sensitivity of 0.0877 milligal per dial division. Stations 
were located at bench marks and map survey locations for 
elevation accuracy. The instrumental drift was determined 
by readings at previously occupied stations within intervals 
of ^ hours or less and all gravity measurements were tied to 
the base station (USGS Meridian Bench Mark, NWjSW-jNEi sec.
27, T13, R.19W) on the University of Montana campus where 
absolute gravity is 980.5^1776 gals. At each station the 
following information was recorded: 1) station designation,
2) date, 3) time, *0 dial readings, 5) elevation, and 6) 
descriptive remarks.
Data reduction
The observed gravity values were reduced to the 
Bouguer anomaly for analysis. This gravity anomaly is
determined by the relationship
B.A. = Obs.Grav. + Elev.Corr. + Terr.Corr. - Theor.Grav.
All readings were drift corrected. The elevation correction 
combined the free-air correction, adjusting observed gravity 
to mean sea level, and the Bouguer correction, adjusting for 
the mass of the crust between the station and mean sea 
level. The elevation factor utilized was 0.196 mgal per 
meter based on an assumed average crustal density of 2.67 
grams per cubic centimeter. Terrain corrections for each 
station, using the method and chart published by Hammer 
(1939) and the extended tables of Douglas and Prahl (1972) 
were undertaken through zone K, a distance of 51>98^ m. 
Theoretical gravity is based on the international gravity 
formula giving variation of absolute gravity with latitude, 
£>, on the geoid:
g = 978.0^9(1 + 0.005288^ sin2/ - 0.0000059 sin2 2/) gals. 
Reduction of the data to the Bouguer anomaly was by means of 
a Monroe desk calculator program. The maximum error due to 
all causes, drift, reading errors, elevation, and terrain, 
is estimated to be less than 3 mgal. Average error, approx­
imately + 1 mgal., is considerably less.
Chapter 3
DISCUSSION AND INTERPRETATION OF DATA
Magnetic Data
Characteristics of magnetic anomalies
The total intensity aeromagnetic map produced for the 
Montana lineament project (Plate III) has two very striking 
features. First, a pronounced grain trending N65°W is 
apparent in the total magnetic field. The total intensity 
values in the lineament zone increase to the north-northeast 
with a magnetic gradient of 4 gammas per km. Both the gra­
dient and the general trend continue northeast through the 
Ovando area survey.
The second prominent feature consists of large posi­
tive anomalies over the Garnet and Flint Creek Ranges. The 
former is a series of large anomalies extending 48 km north­
eastward from the town of Clinton near the survey area cen­
ter. These consist of four main anomalies, each slightly
2less than a township in size (78 km ), with amplitudes of 
360, 5^0, 620, and 760 gammas west to east respectively.
The granodiorite stocks of the various mining districts in 
this region (Kauffman, 1963; Sahinen, 1957) are coincident 
with the Garnet Range magnetic trend. In the southeast
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corner of the survey map the Flint Creek Range magnetic trend 
is also transverse to the general grain. The Philipsburg 
batholith is apparent at the edge of the mapped area and to 
the northeast of this the Royal Stock has a magnetic anomaly 
amplitude of 400 gammas.
The position of the Garnet and Flint Creek Range 
anomalies is suggestive of Montana lineament lateral movement. 
The granite and granodiorite plutons of the Flint Creek 
Range have a Cretaceous age and correlate with the Idaho 
and Boulder bathcliths (Hyndman et al., 1972). Furthermore, 
the Idaho and Boulder batholiths and the Flint Creek Range 
have a similar spatial relationship of alignment parallel 
and to the south of the lineament. The magnitude and trend 
similarity of the Garnet Range and Flint Creek Range magnetic 
anomalies may be reconciled with a left-lateral offset of 
approximately 70 km.
A pronounced northwest trending grain is also seen in 
the USGS magnetic data of the western section. This trend 
is retained in the curvature map (Plate V). Kleinkopf and 
others (1972) attribute major anomalies to igneous intru- 
sives, major fault zones, or sedimentary rocks of the Pre- 
cambrian Belt supergroup with relatively high percentages of 
magnetite. The major fault zone within this western section 
is the Osburn fault zone and the magnetic metasedimentary 
rocks identified specifically are the basal Burke Formation 
and overlying Revett Formation of the Ravalli Group. The
Osburn fault zone is reported as a southern boundary to 
magnetic trends striking southwest and southeast. These 
trends are related by the authors to a basin-and-range 
structural province characterized by late Cretaceous block 
faulting. West-northwest aligned zones of high magnetic 
gradient and elongated anomalies are correlated in a general 
way by the authors with structural features of the Osburn 
fault zone. Geologic data in this section are preliminary, 
however, and large portions of the area remain unmapped. To 
the south of the Osburn fault zone is the batholithic pro­
vince where structure also is generally unknown.
Interpretation of selected magnetic anomalies
Several anomalies within the lineament zone have a
sigmoidal pattern less obvious than the general features 
described above. The USGS and my survey data display this 
expression in both closed anomalies and in the undulations 
of the regional west-northwest trending magnetic contours. 
The "offset" aspect of the magnetic anomaly expression sug­
gests a possible lateral block movement. Preparation of a 
second derivative map was undertaken to accentuate these 
patterned anomalies and allow interpretation by an isolated 
model analysis. Operations such as second derivative and 
filtering are useful in separating anomalies from broader 
gackground disturbances and other anomalies with very weak 
magnetic expression are rendered more readily apparent on
a second derivative map (Nettleton, 1971).
The curvature or gradient analysis method is outlined 
in GSA Memoir *47, "Interpretation of Aeromagnetic Maps" 
(Vacquier et al.# 195l)« A major portion of this publica­
tion is a series of figures showing the computed magnetic 
total intensity and second derivative curvature over ideal 
models. These can be compared with observed total intensity 
magnetic and curvature maps. The models were constructed 
with the assumptions that the causative body is a buried, 
infinitely thick vertical prism, rectangular in plan, with 
a homogenous polarization vector paralleling the present 
earth's magnetic field.
Eleven of the sigmoidal pattern anomalies are iden­
tified as A--A1 through K--K' on the curvature map (Plate V). 
Varying degrees of an ideal sigmoidal pattern are present. 
However, each anomaly has a long axis profile of two or more 
modes which suggests two or more blocks. Anomalies J--J* 
and K--K' especially demonstrate the effectiveness of iso­
lating an anomaly from background disturbances by the 
second derivative method (compare Plates III and V).
One of the prismatic models prepared by Vacquier and 
others(1951» figure A68, p. 132) was selected on the basis 
of inclination and expression form for model comparison to 
the sigmoidal anomalies. The total intensity expression of 
this simple model, a rectangular block of two by six dimen­
sional units, was utilized to construct a segmented composite 
model for an offset, three block configuration. The
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m a g n e t i c  i n c l i n a t i o n  o f  75°  i s  s i m i l a r  t o  t h e  s u r v e y  a r e a  
( a p p r o x i m a t e l y  7 2 ° )  and t h e  fo rm  c h o s e n  i s  s i m i l a r  t o  t h e  
e l o n g a t e d  a n o m a l i e s  s e l e c t e d .  M a g n e t ic  e q u i p o t e n t i a l  l i n e s  
f o r  i n d i v i d u a l  b l o c k  se g m e n ts  were added  and c o n t o u r e d  f o r  
t h e  c o m p o s i t e  model t o t a l  m a g n e t i c  i n t e n s i t y  ( F i g u r e  5 ) .
The c u r v a t u r e  o f  t h e  c o m p o s i t e  model was c o n s t r u c t e d  f rom  
c a l c u l a t e d  s e c o n d  d e r i v a t i v e  v a l u e s  u s i n g  a  s u p e r im p o s e d  
two u n i t  g r i d  ( F i g u r e  6 ) .
Com par ison  o f  t h e  c o m p o s i t e  model w i t h  t h e  i s o l a t e d  
a n o m a l i e s  A --A '  t h r o u g h  K--K* i n d i c a t e s  p o s s i b l e  l e f t -  
l a t e r a l  movement w i t h i n  t h e  zone o f  t h e  Montana l i n e a m e n t .  
The model ( F i g u r e  6) shows a  r e l a t i o n s h i p  o f  25° b e tw e en  th e  
s t r i k e  o f  t h e  anomaly a x i s  and t h e  s t r i k e  o f  b o u n d a ry  
b e tw een  th e  lo n g  edges  o f  t h e  b l o c k s .  The a v e r a g e  o f  th e  
a x i a l  s t r i k e  f o r  t h e s e  l a b e l e d  a n o m a l i e s  i s  a p p r o x i m a t e l y  
N^6°W. A l th o u g h  m easurem ent  i s  somewhat s u b j e c t i v e ,  t h e  
model s t r i k e  v a r i a t i o n  and t h e  l e s s  t h a n  i d e a l  s i g m o i d a l  
a n o m a l i e s  i n d i c a t e  a p o s s i b l e  N71°W s t r i k e  o f  l e f t - l a t e r a l  
b l o c k  movement. The N65°W s t r i k e  of  t h e  mapped O sburn  f a u l t  
zone ( K l e in k o p f  e t  a l .  , 1972) c o r r e l a t e s  r e l a t i v e l y  w e l l  
w i th  t h e  s t r i k e  o f  t h e  s t r u c t u r a l  zone i m p l i e d  by th e  model.
I f  t h e  s u g g e s t e d  model f o r  t h e  m a g n e t ic  a n o m a l i e s  
i n d i c a t e  a d eep  b l o c k  movement, t h e  Montana l i n e a m e n t  can 
be i n t e r p r e t e d  as a l e f t - l a t e r a l  f r a c t u r e  zone e x t e n d i n g  
f rom  th e  Lookout Pass  a r e a  s o u t h e a s t  f o r  182 km. Hobbs and 
o t h e r s  ( 1 9 6 5 ) d e s c r i b e  s e v e r a l  l i n e s  o f  e v i d e n c e  s u c h  as
Figure 5* Total Magnetic Intensity of Composite
Block Model
Figure 6. Magnetic Curvature of Composite
Block Model
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fault and fold offsets and large scale drag for right- 
lateral movement of the Osburn fault system. Thus, there is 
a discrepancy between the geological and geophysical data 
which future studies must resolve.
Another possible conflict is the width of the zone.
It is mapped and described as being about 2^ km wide 
(Kleinkopf et al., 1972), however, the anomalies C--C1, 
H--H*, G--G •, and I--I* would suggest lineament faults are 
also to the south of the Osburn fault zone. A possible 
width of approximately 29 to k2 km is indicated. Further 
detailed mapping in this southern unmapped area is needed; 
however, the aeromagnetic data indicate the expressions of 
lineament faulting should be found there.
Gravity Data
Gravity data were collected specifically to search 
for a possible systematic gravity variation across the 
Montana lineament. The location of the four traverses and 
their Bouguer anomaly profiles are plotted on Plate V, 
labled T1 through T^ for the Drummond, Missoula, Superior, 
and Lookout Pass areas respectively. The eastern three 
profiles indicate a regional positive gradient from south 
to north of approximately 0.5 mgal/km. The relationship of 
Bouguer anomaly values to elevation also demonstrate a 
systematic change. The Bouguer gravity correction which 
mathematically removes the attraction of the rock material 
between the observation station and sea level, is related
29
to crustal density and elevation.
Worldwide gravity data statistically indicate a 
regular relationship between the thickness of the crust, 
surface elevation, and crustal density (Woollard, 1959). 
Insofar as these relationships are valid and a mean crustal 
density is assigned, comparing the elevation and Bouguer 
gravity values is a means of measuring relative isostatic 
equilibrium. Woollard statistically determined a mean world 
curve from a plot of Bouguer gravity anomaly values vs. 
surface elevations, utilizing worldwide data (op.cit.,
Figure 2, p. 1523). Based on the assumption that the world 
as a whole is in isostatic balance, this curve is ideally 
the loci of station values describing crustal isostatic 
balance. A test for relative isostatic equilibrium of an 
area by comparing the Bouguer gravity anomaly values to the 
mean world curve has been effectively demonstrated by Crosby, 
(1968), however, a province density different than the as­
sumed average crustal density may cause station values to 
plot off the mean world curve even though the region is in 
isostatic balance.
The relationship of the traverse data across the 
Montana lineament (Appendix D) to Woollard's mean world 
curve is illustrated in Figures 7 and 8. A comparison of 
Bouguer anomaly values measured north and south of the linea­
ment is made. The north-south division is based on known
geology. A change in fold trend and fold plunge direction 
separated by the Clark Fork River valley and a west-north­
west trending normal fault approximately 2.5 km north of 
Drummond (Gwinn, 1961) was used for the eastern-most traverse 
division (Plate V, Tl). The Missoula traverse (Plate V, T2 )
was divided on the basis of both inferred faults and the
Clark Fork fault forming the northern boundary of the 
Missoula Basin (McMurtrey et al., 1965). An arbitrary 
central point of the mapped Osburn fault system (Kleinkopf 
et al., 19?2) was chosen as the north to south division for 
the Superior and Lookout Pass traverses (Plate V, T3 and U).
The data of the eastern three traverses have a range
of over 1000 meters variation in elevation and greater than 
70 mgal difference in Bcuguer anomaly values. The northern 
stations group with a mean value of 12.fl-8 mgal greater and 
the southern stations 9.1U mgal less than the mean world 
curve (Figure 7). Although the average Bouguer anomaly 
value is only slightly more than 3 mgals positive relative 
to the mean world curve, there is a north to south variance 
of nearly 22 mgals. Two explanations may be presented.
The Montana lineament may be considered a demarcation of a 
homogeneous crust of differing thickness or a crust of 
constant thickness but differing composition. In either 
case the gravity data imply that north of the lineament is 
a region of mass excess and to the south one of mass 
deficiency relative to the worldwide average. Compositional
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variation might be expected inasmuch as the Belt Province 
lies to the north and the Batholithic Province lies to the 
south of the lineament (McMannis, 1965). The southern 
region's relative mass deficiency should cause an equi­
librium adjustment upward with respect to the northern 
region. Scholten (1970) has suggested the lineament as a 
major transversal hinge for this relative movement.
The proximity of the Idaho batholith may influence 
the westernmost gravity traverse data. Data of the Lookout 
Pass traverse are plotted in Figure 8. Although elevation 
variation is similar (> 1000 m), the narrow band distri­
bution of 15 mgal range is a noticeably different pattern. 
These data have a positive mean value of 41.87 mgal rela­
tive to the mean world curve. A combination of denudation 
by gravity gliding resulting from regional uplift, which 
has been correlated with a regionally thin crust (Scholten, 
1968), and the proximity of the massive rocks of the Idaho 
batholith could account for this implied mass excess.
In this case the Bouguer gravity values would be 
expected to plot askew of the mean world curve, unlike the 
eastern traverses where metasedimentary Belt rocks are on 
both sides of the lineament. Therefore, the positive 
average deviation from the mean world curve of 61.47 and 
26,67 mgals, for the northern and southern areas respec­
tively, does not change the indicated isostatic imbalance 
across the Montana lineament. A north to south imbalance
of 25 mgal is apparent across the Lookout Pass traverse 
(Figure 8),
The implication of these reconnaissance gravity data 
is that the Montana lineament is a fundamental boundary 
between a northern region of crustal mass excess on the 
order of 25 mgals relative to a southern region of crustal 
mass deficiency.
Chapter k
CONCLUSIONS
Two different lines of geophysical evidence, mag­
netic and gravity, suggest that the Montana lineament is a 
large scale fundamental structure in western Montana.
A pronounced grain of the aeromagnetic data (trend­
ing N65°W) coincides with the lineament. Large magnitude 
anomaly trends attributed to intrusives in the Garnet and 
Flint Creek Ranges in the eastern part of the investigation 
area suggest a possible 70 km lateral movement. These 
anomaly trends tentatively indicate a sinistral separation 
along the lineament by 1) similar magnetic character, 2) 
trends transverse to the general magnetic grain, and 3) 
abrupt termination at the Clark Fork River.
Sigmoidal anomalies apparent in the total intensity 
magnetic map and a simulation model of these expressions 
are best reconciled with predominant left-lateral displace­
ments within a wide zone which strikes N71°W. The aerial 
distribution of these sigmoidal anomalies extends 182 km 
east-southeast from the Lookout Pass area and indicates that 
the Osburn fault zone width estimate (2^ km) is too narrow. 
Further study in the unmapped area to the south of the fault 
zone is necessary to delimit the zone properly. The conflict
3^
35
of right-lateral movement indications from geologic 
studies and the magnetic block model left-lateral inter­
pretation also will only be resolved by further investiga­
tion of the Osburn fault zone area.
Reconnaissance gravity data transverse to the 
Montana lineament corroborates the magnetic interpretation. 
The positive magnetic gradient of ^ gamma/km to the north­
east across the lineament corresponds directly with the 
general south to north positive gravity gradient. The 
gravity data, compared to the mean world curve of elevation 
vs. Bouguer gravity, infers contrasting crustal provinces 
across the lineament. These data tentatively suggest a 
northern region of mass excess and a southern region of 
mass deficiency along 200 km of the lineament.
This geophysical investigation of the Montana linea­
ment has produced positive results and additional evidence 
that the lineament is a fundamental structural feature of 
regional extent. The data cannot give unique solutions, but 
are best reconciled with left-lateral displacements dis­
tributed in a wide lineament zone.
APPENDIX A
AEROMAGNETIC FLIGHT ALTITUDE VARIATIONS
N e c e s s a ry  f l i g h t  a l t i t u d e  changes  were n o t e d  i n  the  
s u r v e y  lo g  i n - f l i g h t  f o r  c o n s i d e r a t i o n  i n  any m ag n e t ic  i n ­
t e r p r e t a t i o n s .  A 9 ,0 0 0  f t .  ( b a r o m e t r i c )  f l i g h t  e l e v a t i o n  
above s e a  l e v e l  was m a in t a in e d  o v e r  t h e  Ovando s e c t i o n ,  
however,  t h e  r e m a in d e r  o f  t h e  s u r v e y  does i n c l u d e  s e v e r a l  
e l e v a t i o n  ch an g es .  The f i n a l  map ( P l a t e  IV) l o c a t e s  s i x  
a r e a s  o f  d r a p in g  where t h e  f l i g h t  p a t h  was k e p t  a t  a c o n ­
s t a n t  r a t e  of  c l im b  from 7 ,5 0 0  f e e t  above s e a  l e v e l  (Tab le  
1 ) .
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Flint Creek 
Range area
Black Pine 
Mountain area
Sliderock 
Mountain area
Grizzly Point 
Camp area
Murphy Peak 
Ridge area
Morman Peak 
area
TABLE 1
VARIATION OF FLIGHT ALTITUDE
Maximum 
Flight Elevation
Line Above 7,500 Ft.
81N 700'
82S 1500'
83N 2000'
85N 2000'
87N 2100'
89N 1700'
93S 700'
9^N 1000'
95S 700'96N 1100'
97S 900'
109S 300'
110N 300'
114N 300'
115S 700'
120N 500'
6?N 600'
68S 700'
69N 500'
5N 600'
6S 1100'
7N 900'
8S 1100’
Extent 
of Slope 
in miles
10
13
9-5
12.5 
1316.5
13.5
13.5 11
10.5 
6 '
2.5
2.5
310
2.5
2.5
2.5
2.5
5.5
6.5 
5
5
APPENDIX B
MAGNETIC DIURNAL DRIFT
Calculation of the daily magnetic field variation, 
diurnal drift, for the survey hours was by a computer pro­
gram written in Fortran II for the University of Montana 
IBM 1620. The Newport Geophysical Observatory magnetograms 
indicate variation of magnetic declination, D, vertical 
intensity, Z, and horizontal intensity, H, on a 2^ hour 
graph. Total magnetic intensity, F, can be calculated by 
measurements from the proper base-line, B, marked on the
magnetogram and using the millimeter scale, S, given by the
2 2 2observatory. This is by the primary equation F =H +Z , 
where F is in the magnetic meridian plane, the vertical 
plane through F containing H, F, and Z. Input data, identi­
fied by the date, is the magnetogram millimeter values for 
Z and H every 15 minutes over the time span to be calcu­
lated. The output includes both the magnetic value for 
these points and the millimeter value for ease in construc­
ting the graphs of the calculated total intensity variation. 
These graphs are shown on the following pages. The diurnal 
drift correction factor is entered into the data processing 
system at step four of Phase 3 (see Appendix C). In the 
diurnal drift program (Table 2) symbols used are:
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ZM = Z mm v a l u e
HM = H mm v a l u e
Z = Z i n  gamma
H = H i n  gamma
IT  = F i n  gamma
T = F i n  gamma f r o m  5 7 6 0 0  gamma d a t u m  p l a n e
TM = R mm v a l u e  f r o m  5 7 6 0 0  gamma d a t u m  p l a n e
IDATE = d a t e
KPTS -  n u m b e r  o f  p o i n t s  c a l c u l a t e d
TABLE 2
MAGNETIC DIURNAL DRIFT PROGRAM
$  JOB DOUGLAS
$  ORIGIN 1 6 0 0 0
C CALCULATION ON MAGNETIC DIURNAL TOTAL FIELD 
C DATA FROM NEV/PORT GEOPHYSICAL OBSERVATORY (MM SCALE VALUE) 
C PROGRAM SET FOR UP TO 7 HR 15 MIN TIME BLOCK 
C MM SCALE VALUE DATUM IS  5 ? 6 0 0  GAMMA
DIMENSION ZM(2 6 ) ,HM(2 6 ) , Z ( 2 6 ) , H ( 2 6 ) , I T ( 2 6 ) , T ( 2 6 ) ,TM(26)
1 READ 1 1 1 ,  IDATE, KPTS
2 READ 2 2 2 ,  ( Z M ( I ) ,  1 = 1 , KPTS)
3 READ 2 2 2 ,  ( H M ( I ) ,  1 = 1 , KPTS)
4  DO 5 1= 1 .  KPTS
Z = ( 6 . 3 7 * Z M ( I ) ) + ( 5 ^ 7 1 8 .  )
H = 1 7 9 3 7 . + ( iK 5 0 * H M (I )  ) + ( 0 . 0 0 l 4 * H M ( I ) / 2 .  )
5 IT ( I )= SQ R T F (Z *Z + H *H )
6 DO 7 1 = 1 ,  KPTS 
T ( l ) = I T ( l ) - 5 7 6 0 0
7 T M ( I ) = T ( I ) / 5
8 PUNCH 3 3 3 ,  IDATE
9 PUNCH kkk, ( I T ( I ) ,  1 = 1 ,  KPTS)
1 0  PUNCH 555
11 PUNCH 6 6 6 ,  ( TM( I ) ,  1 = 1 ,  KPTS)
GO TO 1
111 F 0 R M A T ( I 6 ,1 X , F 3 .0 )
222  FORMAT(15FJJ-. 1 )
333 FORMAT ( / / ,  39HTOTAL FIELD MAGNETIC DIURNAL VARIATION J 6) 
FORMAT( 1 0 ( 1 X , I 5 ) )
555  FORMAT( l^HMM SCALE VALUE)
666 FORMAT( 1 0 ( 1 X , F 5 . 1 ) )
END 
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Figure 9. Magnetic Field Variation During Aeromagnetic
Study
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Figure 9. continued
MAGNETIC DIURNAL DRIFT JULY 24, 1971
07 08 09 10 11 12 13 MOT
( increases east Bq = 20° 53.7' E
= 1.00 1 /m m  
D ( D e c l in a t io n )
07 08 09 10 11 12
(V e rtica l 
^  C om ponent)
Bz = 54718 f  
Sz = 6.37 f/mm
13
08
H (H o rizon ta l 
C om ponent)
Bh = 17937 t  
Sq = 4.50 T/mm 
S H = s 0  +  0 0 1 4  h / 2
NEWPORT GEOPHYSICAL OBSERVATORY MAGNETOGRAMS
08 09 10
Sp =5
(Total
In tens ity )
57600 *
T /m m
CALCULAiED TOTAL INTENSITY VARIATION  
Figure 9. continued
MAGNETIC DIURNAL DRIFT JULY 25, 1971
07 08 09 10 11 12 13 M D T
( increases east Bd = 20° 53.7' E
S 'q  = 1.0 0  1 /m  m 
D ( D e c l in a t io n )
07 08 09 10 11 12 13
(V e rtica l 
^  C om ponent)
Bz =54718 f  
S7 = 6.37 T/r
07 08 09
H (H or izon ta l 
C om ponent)
Bh = 17937 f  
Sq = 4.50 T/mm 
SH -  Sq + 0.014 n/2
NEWPORT GEOPHYSICAL OBSERVATORY MAGNETOGRAMS
08 09
_  (Tota l
In tens ity )
Bp = 57600 IT 
Sp = 5 f/m m
CALCULATED lOTAL INTENSITY VARIATION 
F ig u re  9 . con tinued
MAGNETIC DIURNAL DRIFT JULY 26, 1971
( increases east
13 M D T
Bd = 20° 53.7' E 
S ' ^  = 1.0 0  1 /m m
D (Declination)
07 08 09 10 11
H
12
_  (V e rtica l 
^  C om ponen t)
Bz = 54718 f
Sz = 6.37 f / m m
13
H (H o rizon ta l 
C om ponent)
S0 -  4.50 T/mm
07 09 10
NEWPORT GEOPHYSICAL OBSERVATORY MAGNETOGRAMS
08 10
p  (Tota l
In te n s i ty )
Bp = 57600 if  
Sr  = 5 f/m m
CALCULATED TOTAL INTENSITY VARIATION  
F ig u r e  9. c o n t in u e d
MAGNETIC DIURNAL DRIFT JULY 27 , 1971
45
13 M O T100907
( increases east
UU 1 /m m  
D  (D e c l in a t io n )
07 08 09 10 11 12 13
(V e rtica l 
^  C om ponent)
Bz  = 54718  f  
S 7  = 6 .37 r /m  i
H (H o rizon ta l 
C om ponent)
Bh  = 17937 <f 
Sq  -  4 .50  T /m m  
SH = S0  + 0.014 h/2
NEW PORT G EO P H Y S IC A L O B S E R V A T O R Y  M A G N E TO G R A M S
08
p  (Tota l
In tens ity )
B p = 57600 i f  
Sp = 5 f /m m
CALCULATED TOTAL INTENSITY VARIATION 
F ig u r e  9 . c o n t in u e d
MAGNETIC DIURNAL DRIFT JULY 28, 1971 46
08 10 13 MD-T
( increases east
”  1.0 0  1 /m m
07 08 09 10 11 12 13
_  (Vertical 
^  Component)
B2 = 54718 f  
Sz = 6.37 f/mm
H (Horizontal 
Component)
Bh = 17937 f  
Sq = 4.50 T/mm 
SH = Sq + 0.014 h/2
NEWPORT GEOPHYSICAL OBSERVATORY MAGNETOGRAMS
10
p (Total
Intensity)
Bp =57600 t
Sp =5 r /r
CALCULATED TOTAL INTENSITY VARIATION  
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APPENDIX C
AEROMAGNETIC DATA PROCESSING SYSTEM
The series of steps "to handle, correct, check, and 
present the aeromagnetic survey data entail both manual and 
computer manipulations. The system was designed by the in­
vestigator, however, various parts were either handled or 
written by others.
Phase 1. Survey data on paper tape
The in-flight data recording system utilized for the 
survey produced a twofold output: 1) Analog Rustrak strip 
charts of magnetic readings for in-flight instrument moni­
toring and later data checks. 2) Digital records of mag­
netic readings at a two second repetition rate and six digit 
time notation of the checkpoint location photographs. The 
later product was a one-inch, eight-level paper tape.
Phase 2. Paper tape to computer cards
Paper tapes of the first phase were converted to 
standard computer cards at the USGS National Center for 
Earthquake Research in two steps. The first step utilized 
ntrol Data 1700 computer converting the original tape 
to a paper tape with the data in ASCII code. Computer cards 
were then produced from this intermediate tape by an IBM 026
Key Punch with a paper tape input capability. Output of the
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data at this stage was garbled due to mechanical tape ccn- 
version problems. The result was a confusing block of 60 
letters and numbers (see Figure 10). All of the necessary 
data are in the proper order, but include alphabetic char­
acters within and between the magnetic readings and times. 
These invalid alphabetic punches, converted from the orig­
inal paper tapes, required a separate program to edit the 
cards and get the data in a format usable by the analysis 
programs.
Phase 3. Information and format
Nearly ten thousand computer cards were received in 
the form described above as a result of converting the aero- 
magnetic survey paper punch tapes to computer card form. As 
a safety factor against possible erroneous shuffling of 
these cards, a number sequence was punched onto the card 
deck. This sequence also served as a chronological date 
gathering order. Console control of the IBM 1620 at the 
University of Montana was utilized for the card deck se­
quencing. ihe nine steps of the information and format 
phase are best shown by a flow chart (Figure 12).
Extracting alphebetic characters from the data and 
positioning the data into an array was also accomplished by 
the IBM 1620. An SPS (Symbolic Process System) program by 
Steve Henry of the U.M. Computer Center was aptly named the 
anti-garbage' program. It eliminated the unwanted letters 
and placed the data in the first usable form since the survey.
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6. LINE INFORMATION CARDS!
8 . SEQUENCE BY LOCATION
1 . SEQUENCE BY DATE
3 . REORDER BY LOCATION
1 . CALCULATE 
DIURNAL DRIFT2 . EXTRACT LETTERS & ARRAY'
9 . CORRECT ERRONEOUS FORMAT
5 . CALCULATE 
FLIGHT"LINE 
DISTANCE
7 . FLAG TIMES, BLANKS, & 
LINE ENDS
FIG. 12 I n f o r m a t i o n  and  f o r m a t  s t e p s  Phase  3
By c r o s s  r e f e r e n c e  t o  t h e  f l i g h t  l o g  f o r  s t a r t i n g  and en d ­
in g  t im e s  o f  th e  l i n e s ,  s t e p  t h r e e  ca n  he c o m p le t e d ;  r e ­
o r d e r i n g  t h e  c a rd  deck  by l i n e  l o c a t i o n .  Not o n ly  were th e  
d a t a  o rd e r e d  by l i n e  f rom  e a s t  t o  w e s t ,  b u t  a l s o ,  t i e  l i n e s  
were p la c e d  a f t e r  t h e  ' n o r m a l '  n o r t h - s o u t h  l i n e s ,  and e x t r a ­
neous d a t a  were e x t r a c t e d .  The d i s c a r d i n g  p a r t  o f  t h i s  s t e p  
e n t a i l s  p u l l i n g  ou t  a l l  t h o s e  r e a d i n g s  o r  pu re  ' j u n k '  t h a t  
f a l l s  be tw een  th e  end c h e c k p o i n t  o f  one l i n e  and t h a t  of  
a n o t h e r ,  (example s e e n  i n  F i g u r e  10) c a u se d  by c o n t in u o u s  
r e c o r d i n g  e i t h e r  im m ed ia te ly  a f t e r  t h e  f i n i s h  o f  a ru n  o r  
w h i le  a l i g n i n g  th e  a i r c r a f t  f o r  t h e  s t a r t  o f  a r u n .  Next t o  
t h e  a n t i - g a r b a g e  program, t h i s  i s  p e rh ap s  t h e  most d r a m a t i c  
c l e a n i n g  up o f  d a t a .
S te p s  f o u r  and f i v e ,  as  s t e p  number t h r e e ,  a r e  manual  
C a l c u l a t i o n  of  th e  m agne t ic  d r i f t  (Appendix B) has a program 
f o r  t h e  m athem atic  f i g u r i n g ,  b u t  m e asu r in g  th e  m agne togram s, 
p l o t t i n g  the  g r a p h s ,  and f i n a l l y  m easu r ing  t h e s e  f o r  th e  a c -
5̂
tual diurnal drift factor were all manual operations. To 
calculate the flight line distances, extensive use'of the 
flight log and construction of a map were required. Check­
point listings, times, comments, origianl planning map no­
tation, and the checkpoint photographs were utilized to lo­
cate the precise location of the survey lines. Tedious as 
it is, this produces both the flight line location maps 
(Plates I and H) and the means of measuring the flight line 
distances, step five.
With the drift correction factor and the line dis­
tance for each line, the information cards can be manually 
constructed, step six. Each array of survey line data is 
identified and has vital information preceeding in the fol­
lowing columns:
(1) col. 1-4: LINE NUMBER and DIRECTION of line
(2) col. 7-14: DATE of flight
(3) col. 16-19: DISTANCE of line in miles
(4) col. 26-30: north distance to southern end of
line
(5) col. 33-37: west distance to southern end of
line
(6) col. 39: REVERSAL FLAG for lines flora south
or west
(7) col. 41-43: DIURNAL DRIFT in gammas to arbitrary
datum
(8) col. 52: TIE LINE FLAG
(9) col, 69-72: LOCATION SEQUENCE, and
(10) col. 75-80: DATE SEQUENCE
Items 1,2 are for line identification; distance, 3» is used 
in the plotting programs; 4,5 are for calculation the am­
bient field correction; 6 is a flight direction identifica­
tion for lines to have array reversed in order,- thus all 
profiles are south to north or west to east; 7 is the
diurnal drift correction factor; 8 is a tie line marker for 
correctional operations differing from normal lines; and 
9, 10 are the two card deck sequencing systems.
The final three steps, seven through nine, of the in­
formation and format phase are time consumming. Terminal 
computer operations, rather than manual manipulation of 
cards, to 'flag' the times, blanks and line ends would be 
relatively easy and fast, but was not available on campus. 
The magnetic data were in a ten 5-digit sub-array, thus a 
'99999' flag was placed either at the beginning of any se­
ries of blanks in the sub-array or before the line starting 
time to act as an ignore signal (see Figure n  ). Before the 
line end times an '88888' flag signaled the end of data for 
the line. Step eight is similar to step one for sequencing 
the card deck. Step nine, by far the most laborious without 
computer terminal operations, is simply the card-by-card 
inspection for errors.
Phase 4. Raw data card deck to computer tare
Culmination of the preceding steps in the data pro­
cessing is construction of the raw data deck, 7,339 com­
puter cards in proper form, weighing forty-one pounds.
These data are finally in an array format, labeled and with 
correction factor information, usable by the analysis pro­
grams (Figure 11). The simple process of transferring the 
raw data card deck to a magnetic tape eliminated the use of 
bulky cards and simplifies data handling. A Sigma 7
computer accomplished this. Computer terminal and disc 
operations utilized for the prior manipulation and correc­
tions could have saved much time and effort in the early 
data handling.
Phase 5- Calculate and plot anomaly profiles
Both analysis programs were handled in Fortran IV by 
a Sigma 7 computer and IBM 5731 Plotter. Note that the pro­
grams listed (Tables 3 and *0 were originally written in 
Fortran II, but later converted in part to Fortran IV, a 
result of discovering a time difference factor of twenty- 
five for the correction program between Missoula's IBM 1620 
(5 hours) and Bozeman's Sigma 7 (12 minutes)l Originally 
the correction program was to output the corrected data in 
a format for the M.S.U. Computing Center's plot package, 
Sigma 5/7 7531 General FORTRAN IV Plot Subroutine DRAW; (Roy 
Johnson, date unkown). However, due to ease of data han­
dling, the correction program was rewritten in Fortran IV 
to include the plot subroutine as one step. The data cor- 
rection-calculation-profile program is on the following 
pages with a flow chart; a listing of program is below.
Program listings
1. Skips to desired survey line,
2. Reads information for survey line,
3. Counts survey lines for ploter capacity (30),
k. Checks for tie line and varies ambient field
factor,
5. Reads data in subarrays of 10,
skips part(s) of subarray if blanks present, 
checks for end of array,
57
counts number of magnetic readings,
places magnetic readings in continuous array,
subtracts datum (57000 gamma),
subtracts ambient field eastward factor (0.635
gamma/mile), 
adds diurnal drift factor,
6. Stops program and notes •ERROR* for nonsense IF
statements,
7. Compares one reading with next for:
range larger than 125 gamma (considered spurious), 
jump of '200* from instrument error, 
jump of *800* from instrument error,
8. Averages readings to replace spurious reading(s),
9. Adds or subtracts for 200-jump
reading(s), correction of
10. Adds or subtracts for 800-jump equipment error
reading(s),
11. Reverses array when south or west flight,
12. Subtracts ambient field north factor (1.08 gamma/
mile),
13. Prints line, corrected data, and *LINE HAS BEEN
PLOTTED *,
1̂ . Calculates perameters for plot program, and
15* Plots profile to base map scale.
Phase 6. Check profiles and calculate tie line factors
Spacing of the flight lines (1,6 1cm) for this survey 
enabled the use of a visual check from one line to the next 
for obvious errors in the magnetic profiles. Another check 
was the proper distance factor for each line which could 
easily be compared to the flight line location map of the 
same scale. Any error in the distance is a distortion to the 
profile. The junction of main and tie lines was manually 
located and calculated for the tie line correction factor. 
Although this factor was handled as an average for the entire 
survey line concerned, it represents a slope and was later 
corrected by manual adjustment rather than mathematic calcu­
lation.
Phase 7* Plot contour intervals
58
After checking the magnetic profiles it is possible 
to computer inspect them and calculate the horizontal posi­
tion of any contour interval desired. This entails two 
steps: altering the correction profile program and •fooling* 
the plotter. The later is done by creating an array for the 
y axis of zero-value-zero and using the horizontal x axis 
values equal for all three resulting in a vertical line mark 
rather than a curve from the plotter pen. Alteration of the 
Phase 5 program eliminated any tie line calculations and 
added the calculation section for the 20 gamma contour 
intervals. These additional program listings are:
1. Calculate distance unit between readings for line,
2. If value A is an even 20 gamma:
X = distance to value point
= value/20
3. If value A is an even 100 gamma;
= 100 for a larger mark,
4. If value A is not even and B is even, treat B as
A,
5. Find difference between values A and B,
6. When A to B is greater than 20 gamma: 
find whether B is larger or smaller, 
calculate number of intervals from A to B, 
interpolate x for interval(s) from A to B,
Y^ = value/20,
if value(s) are even 100 gamma; Y^ = 100, and
7. Label end of plot by line,
These alterations are shown in the program flow chart ( Figure
13) .
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Phase 8. C o n to u r  s u r v e y  a r e a  map
The f i n a l  d a t a  p r o c e s s i n g  p h ase  f o r  t h e  f i n i s h e d  
p r o d u c t  ( P l a t e s  HI and IV) i s  a c t u a l l y  c o n t o u r i n g  t h e  map.
The c o n t o u r  i n t e r v a l  mark p l o t s  a r e  n o t e d  f o r  v a l u e s ,  
ch ecked  a g a i n s t  t h e  p r o f i l e  p l o t s ,  and u se d  t o  t r a n s f e r  t h e  
c o n t o u r  v a l u e s  t o  t h e  b a s e  map. The s c a l e s  o f  a l l  t h r e e  a r e  
t h e  same (1 in c h  = 2 m i l e s )  and  t h e  l a b o r i o u s  t a s k  o f  c o n ­
t o u r i n g  u t i l i z e s  e ach  o f  t h e s e  i n  c l o s e  c o l l a b o r a t i o n .
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Table 3. Phase 5« Magnetic Profile Program
C CORRECTION OF AEROMAG.NET I C DATA (SIGMA 7)
C ARBITRARY DATUM 57000 GAMMA
C READ LINE INFO AND PLOT-SKIP INFO
C LINE INFO IS LINE DESIGNATION# ELEVATION CHANGE NOTE# DATE FLOWN# 
C LENGTH DISTANCE IN MILES# N COR FAC# E COR FAC (MILES)#
C REVERSAL FLAG# DIURNAL DRIFT FAC# AND TIE LINE FLAG
DIMENSION IDD(800)# IDC8U0)# IIDC800)# ITITLEC24)
REAL LINE; REAL*8 DATE 
103 FORMAT(215); KEAD(1#103) N#NP; IFCN.NE.0 )CALL SKIP(N)
KI CK= 0
55 HEAD( 105# 1U1# END=7O0) LINE# E# DATE#DIST#CFN#CFE# IR# I DRIFT# IT 
KICK=KICK+1
101 FOKMATCA4XA1A8XF4. 1# 11XF5. 1XXF5. 1X11X13#BXI 1 )
102 FQRiMAT ( XA4XXA8 ) ; WRI TE( 1 OB# 1 02 ) LINE# DATE
56 J=0
C NOTE TIE LINE E AND N COR FACTORS REVERSED AND CALCULATED 
C CHECK FOR TIE LINE 
IF(IT)44#57# 56 
58 ICFE=-CFN*1.0B; GO TO 1
57 ICFE=CFE*0» 635
C READ AND COUNT READINGS A'JD PLACE IN ARRAY 
C 99999 IS ELA'JKCS) FLAG 
C 88888 IS END OF DATA FLAG
1 READ202#(IDD(I)#1=1#10)#N 
202 FORMAT(13(15#1X)#T69I4)
DO 4 1=1# 10
IF(IDD(I)-99999)2# 5#44
2 IF(IDD(I)-88868)3#6#44
3 J=J+1
C SUBTRACT DATUM# EAST CORRECTION AND DIURNAL DRIFT
4 I DC J ) = IDD(I)-57000+1CFE-I DRIFT
5 GO TO 1
C CHECK FOR OBVIOUS ERRORS 
44 PUNCH444 
444 FORMAT(5HERR0R)
GO TO 99
6 CONTINUE
C COMPARE READINGS FOR RANGE
IPIVOT=ID(I) ; K= JC=K1 = K2= K3=K4 = 0 
DO 9 1=2#J
ID(I)=ID(I) + JC; ICOMP=I PIVOT-I D( I )
IF(IABS(I COMP)-125)6#8#10 
C CHECK FOR 200 SKIP
10 IF(IABS(ICOMP)-190)11#13#13
13 IF(IABS(I COMP)-210)14#14# 15 
C CHECK FOR 800 SKIP
15 IF(IABS(I COMP)-790) 1 1# 16# 16
16 IF(IABS(I COMP)-825)17#17# 11 
C CHANGING BY 200 A>JD CHECK
14 IF(I COMP)IB# 44# 19
18 ID(I)=I DC I) - 200 
IF(K2)44# 20# 21
20 Kl=l; JC=-2U0; GO TO 8
21 K2=JC=0; GO TO 8
19 I DC I)=I DC I) + 2O0 
IFCK1 )44#22# 23
22 K2=i; JC=+200; GO TO 8
23 K1=JC=0; GO TO B
C CHANGING BY 600 AND CHECK
17 IF(ICOMP)24,44# 25
24 I DC I)=I DC I)- 800 
I F( K4 ) 44# 26# 27
26 K3=l; JC=-B0O; GO TO B
27 K4=JC=0; GO TO 8
25 IDv I)=ID(I)+8J0 
IFCK3)44# 28# 29
Table 3 continued 63
28 K4=i; JC=+d0U; GO TO 8
29 K3=JC=0; CO TO 3
C ZEHO HEADING AND KEEP PIVOT FOR LRHOH DATA AVERAGE
11 iav=ipivot; idcd=o; k=k+i; go to 9
C AVERAGE GOOD REALIMGS FOR BLANKCS)
12 IAV=CIAV+IPIV0T)/2 
D031 L= 1, K
31 I DC I-L )= IAV 
K=0; GO TO 9
C AFTER COMPARE, CONTINUE OR USE AVERAGE
8 I PIVOT=I DC I)
X F C K )44,9,12
9 CONTINUE
C REVERSE DATA ORDER IF S OR W FLIGHT 
IFCIh)44, 33*32
32 DO 34 1=1, J
34 11 DC I)=IDCJ+1-I)
GO TO 40
33 DO 35 1=1,J
35 I IDC I )= IDC I )
C SUBTRACT N CORRECTION FACTOR 
C CHECK FOR TIE LINE 
40 IFCIT)44,36,3d
38 UJ=J-i; UF=CFE*0. 635J UL=DIST*0.635/UJ 
DO 39 1=1,J
F=J-I; IUC= C UL*F ) + UF
39 11 DC I)=IIDCI) +IuC; GO TO 99
36 UJ=J-i; UF=CFN*1•08; UL= DIST*1•08/UJ 
DO 37 1=1,J
F=I- 1; IUC=CUL*F)+UF
37 I IDCI)=IIDCI)-IUC
C PUNCH LINE INFO AND DATA IN PLOT PROGRAM FORM 
99 PUNCH555, J, DIST,LINE, E, DI ST
555 FORMAT CIS, IX, F 4. 1,31H DOUGLAS MONT LIN AEROMAG SURVEY,/, 1 0X, 5HL INE 
I,A4,Al, IX, 11HDATUM=570UU,2X,5HDIST=,F4-1 )
66 PUNCH666, C I IDC I ), 1=1, J)
666 FORMATC15CXI4))
ENCODEC 96, 556, I TITLE) LINE, E, DIST
556 FORiM AT C‘DOUGLAS MONT LIN AEROMAG SURVEY'T49*LINE • A4A1X • DATUM = 5730
10 DIST= * F4.1)
IFCKICK.EQ.NP) LST=4HLAST; OUTPUT N 
CALL DPLOTC I ID, J, DIST, ITI TLE, LST )
IFCKICK. EQ.NP) STOP *END OF BATCH*
GO TO 55 
700 STOP 'END OF INPUT*
END
SUBROUTINE DPLOTC ID, N, D, I TITLE, L)
DIMENSION XC800), YC800), IDCdUO), ITI TLEC 24 )
DATA LAB/* '/,X0/5d./,YU/600./
YM=I DC 1 )
DO 3 I=1,N
XCI)=I*D/N; y c d = i d c i); i f c y m.l t . yc i ) )y m=yc i )
3 CONTINUE
IX=CXCN)+2.)/2.; IFCIX.GT.23) IX=2«
IY=CYM+10O.)/lO0.; IFCIY.GT.15) IY=15
CALL DRAW CX,Y,N,- 10, 0, LAB, I TITLE,2.,99.,0,0,I X,IY,0,L )
RETURN
END
SUBROUTINE SKIPCN)
2 READC 105,3, END=4) NT; IFCNT.LT.N) GO TO 2
3 FORMATCT6914)
IFCNT.EQ.N) RETURN
4 STOP 'SPEC ERROR*
END
Table M agnetic Contour I n te r v a l  Program
C COMTOUh MARK PHOGHAM ( AEHOMAG MET I C  ) ( S I G M A  7 >
C T I E  C O R R E C T I O N  ADDED
C A R B I T R A R Y  DATUM 5 7  0 0 0  GAMMA
C HEAD P L O T - S K I P  I >J h 0  A nJD L I N E  I .M h 0  ( T I E  FAC A D DE D)
C L I M E  I N F O  I S  L I M E  DES  I GNAT I ON # E L E V A T I O N  CHANGE MOTE#  DATE  F L OWN#
C L E N G T H  D I S T A N C E  IM M I L E S ,  N C O h  Ft t C#  E COH F AC ( M I L E S ) #
C R E V E R S A L  FLAG# D I U P N A L  D R I F T #  T I E  FAC#  AMD T I E  L I M E  FLAG
L) IM EM S 1 0  M I D D C b O U ) #  I D ( H O O ) #  I I D ( 8 U O > #  I T I  T L E  ( PA ) » CC ( 8 0 0  ) # X ( 8 0 0  ) # 
I CM K ( 8  0  0  )
RE AL  L I M E ;  R E A L * 8  DATE 
1 0 3  F OHMAT( 2 1 5 ) ;  R E A L C 1 # 1 J 3 )  M # M P ; I F ( M• M E* 0 ) C A L L  S K I P ( M )
K I C K =  0
5 5  R E A D (  1 0 5 # 1 . )  1 # E. ND=70O> L I  M E # E # D A T E , D I S T # C F N # C F E #  I H#  I D R I F T # I T F  # I T  
1 0 1  F O R MA T ( A A A A 1 A 5 X F  A.  1 # 1 1XF 5* 1 XXF 5 -  I X I  1 X I  3 X I  3#  AX I  1 )
5 6  K I C K = K I C K + 1 ;  J = 0
C R E AD AMD COUNT R E A D I N G S  AMD P L A C E  IM AHKAY
C 9 9 9 9 9  I S  D L A M K ( S )  FLAG
C 8 8 8 8 8  I S  END OF DATA FLAG
1 R E AD(  1 0  5# 2 0 2 #  E M D = 7 0 0 ) ,  C I D D C I )# 1 = 1 #  1 0 ) # N  
2 0 2  F OHMAT( 1 0 ( 1 5 #  1 X ) # T 6 9 I A )
DOA 1 = 1 #  10
I F (  I D D (  I > - 9 9 9 9 9 ) 2 #  5# AA
2  I F C I D D C I ) - 8 8 8 6 8 ) 3 # 6 # AA
3  J = J + 1
C S U B T R A C T  DATUM# E AS T  C OR R E C T I OM # D I U R N A L  D R I F T #  AMD T I E  F AC T OR  
I C F E = C F E * 0 .  6 3 5  
A I D ( J ) = I D D ( I > - 5 7  0 0 0 + I C F E - I D R I F T + I T F
5  GO TO 1
C CHECK F OR O B V I O U S  ERRORS 
A A  PUNC H AAA 
A A A  F O R M A T ( 5 H E R R 0 R )
GO TO 9 9
6  COMTI  MUE
C S K I P  T I E  L I M E S
I F (  I T . E Q . 1 ) GO TO 5 5  
C COMPARE H E A L I N G S  F OR RANGE
I P I V O T  = I D ( I ) ;  K = J C = K 1  = K 2 = K 3 = K A = 0  
DO 9 1 = 2#  J
I  DC I ) = I D ( I )  + J C ;  I C O M P = I P I V O T - I D (  I )
I F ( I A B S C I  C O M P ) - 1 2 5 ) 8 # 8 #  1 0  
C CHECK FOR 2 0 0  S K I P
1 0  I F ( I A B S C I C O M P ) - 1 9 0 ) 1 1 # 1 3 # 1 3  
1 3  I F C I A B S C I C O M P ) - 2 1 0 ) 1 A# 1A# 1 5  
C CHECK FOR 8 0 0  S K I P
1 5  I F C I A B S C I C 0 M P ) - 7 9 0 ) 1 1 # 1 6 # 1 6
1 6  I F C I A B S C I C O M P ) - 8 2 5 ) 1 7 . 1 7 , 1 1  
C CHANGI NG BY 2 0 0  AMD CHECK
1A I F ( I C O M P ) 18 #  AA,  19
1 8 I DC I ) = I DC I ) - 2 0 0  
I F ( K 2 ) A A , 2 0 , 2 1
2 0 k i = i ;  j c = - 2 u o ;  g o TO !
21 K 2 = J C = 0 ;  GO TO 8
1 9 I  DC I ) = I D ( I ) +  2 0 0  
I F C K 1 ) A A , 2 2 #  2 3
2 2 K 2 = l ;  J C = + 2 J 0 ;  C-0 TO
2 3 K 1 = J C = 0 ;  GO TO 8
C CHANGI NG BY 8 0 0  A M D  CHECK
17 I F C  I C O M P ) 2 A# AA# 2  5
2A I  DC I ) =  I LC I ) -  8 0 0  
I F C K A ) AA# 2 6 #  2 7
2 6 K 3 = 1# J C = - 8 0 0 ;  GO TO
2 7 K A  = J C  = 0 ;  GO TO 8
2 5 I D(  I )= I LC I >4- 800  
I F ( K 3 ) A A #  2 8 , 2 9
2 8 KA= l ;  j c = 4 - 8 v) o ;  c-0 TO
2 9 K3 =  J C =  0 ;  GO TO 8
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Table k continued
C ZERO READING AND KEEP PIVOT FOh ERROR LATA AVERAGE
11 iav=ipivoi; idci>=0; k=k+i; go to 9
C AVERAGE GOOD HEALINGS FOH DLANKCS)
12 IAV=CIAV+IPIV0T)/2 
DO 31 L=liK
31 1D<I-L> = IAV 
K=0; GO 10 9
C AFTER COMPARE# CONTINUE OR USE AVERAGE
8 IPIVOT=I DC I)
IFCK>44, 9# 12
9 CONTINUE
C REVERSE DATA ORDER IF S FLIGHT 
IF(IR)44#33# 32
32 DO 34 1=1#J
34 I I DC I >=IDC J+l-I )
GO TO 40
33 DO 35 1=1#J
35 11 DC I>=I DC I>
C SUBTRACT N CORRECT ION FACTOR
40 UJ=J-l; UF=CFN*1.08J UL=DIST*1.08/UJ 
DO 37 1=1#J 
F=I-1; IUC= C UL*F)+UF 
37 I I D< I )= I I L( I ) - I UC 
C CALCULATION OF CONTOURS
C CONTOUR INI EhVAL VARIABLE BY USE OF NC AND KMC
70 DIS=DIST/FLOAT(J-1)
NC=20; KNC=100; FNC-NCS FK-nIc= k m c ; JJ= 0 
C CHECK EACH NUMBER IN AhRAY 
DO 68 I = I # J- i 
C CHECK FOR EXACT CONTOUR
IFCMODC I I DC I ),NC). EQ. 0)GO TO 77 
C CHECK NEXT NUMBER FOR EXACT CONTOUR
IFCMODC I ILC 1 + 1 ), NC). EQ.OGO TO 68 
C TEST FOR DIRECTION 
INR=II DC I)/NC
71 IFCIIDCI)-I I DC1+1))72#68#73
C SET FACTORS FOR PLUS OR MINUS DIRECTION
72 IDIR=CIIDC1+1)-CNC*INR))/NC 
IFC IDIH. EQ.OGO 10 68
ADD=1; CO TO 7 6 
7 3 IDIR=CCCINH+ 1) *NC) - IIDCI + 1))/NC 
IFCIDIR.EQ.0)G0 TO 68 
SUB= 1
C INTERPOLATE: FOR SAME DIST# ARRAY ZERO-VALUE-ZERO AND STORE VALUE 
76 DO 75 IT=1# IDIR
IF CADD.EQ. I)IDIF = C + IT)
IFCSUB.EQ.1)IDIF=C+1-IT)
JJ=JJ+1
CCCJJ+1)=CIIDCI)/NC) + I DIFJ CMKCJJ+i>=CCCJJ+i )*FNC 
XCJJ>=XCJJ+1 ) = XC JJ + 2 )= CCABSCFLOATCI IDCI))-CCCJJ+i)*FNC)/
1ABSCFLOATCI I DC I>-I I DC I ♦ 1 )))) + FLOATCI-1))*DIS 
CCCJJ)=CCCJJ+2)=0
66
Table 4 con t inu ed
c CHECK FOR HUNDREDS
IFCMODCCC ( J J +  1 ) *FMC# KMC ) • E Q . 0 ) C C C J J + 1 ) = 1 0 0  
J J = J J + 2  
7 5  COMT I MUE
AL D=S UH=0 J  GO TO 65  
C ARRAY FOR EXACT CONTOURS
7 7  J J = J J + 1 J  A C J J )  = X ( J  J + 1 ) = X C J J + 2 ) = D I S * ? L O A T C 1 - 1  )
C C < J J * 1 ) = I ILK I ) / M C ;  C C C J J ) = C C C J J + 2 ) = 0 ;  C M K < J J + 1 ) = I I D < I  )
C CHECK FOR riUMDREDS
I F ( MO  DC I I DC I > / K M C > . E Q . 0 > C C C  J J >  1 ) = 1 0 0  
J J = J J + 2  
6 8  COMT I. ' JUE
C P LACE LABEL AT EM L OF L I ME  ( D I S T A M C E  CHECK)
J J = J J + i ;  C C C J J ) = 0 ;  X C J J ) = D I S * F L 0 A 1 C J - 1 )
C PUMCH COM TOUR VALUES AMD PLOT 
9 9  P UMCH5 5 5 /  L I ME
5 5 5  FORMATC I X ,  5 H L I ME  ,  A4 )
6 6  P UMCH6 6 6 /  C C MKC I ) ,  I = 2 / J J / 3 >
6 6 6  FORMAT( 1 5 C X I 4 ) )
EMCODEC 9 6 /  5 5 6 / I T I T L E ) L I M E
5 5 6  FORMAT C L  I ME * A 4 A1 )
I F C K I C X . E G . - M P ) LST = 4 H L A S T ;  OUTPUT M 
I X = ( D I S T + 2 . ) / 2 . ; I F C I X . G T . 2 8 ) I X = 2 8
CALL DRAW ( X / C C / J J / -  1 0 / 0 / L I M E /  I T I T L E / 2 .  /  9 9 .  /  0 / 0 /  I X /  1 / 0 / L S T )  
I F C K I C K .  E O . M P )  STOP * EMD OF BATCH'
GO TO 5 5  
7 0 0  STOP ' EMD O c I MF U T '
END
SUBROUT IME SKI  PCM)
2  KEADC1 0 5 / 3 / EM L = 4 )  M l ;  I F C M T . L T . M )  GO TO 2
3  F ORMA! Cl  6 9 1  A)
I F C M T . E Q . M )  RETURM
4  STOP ' S P E C  ERROR*
EMD
APPENDIX D
TABLE 5
BOUGUER ANOMALY VALUES
( R e l a t i v e  t o  U n i v e r s i t y  o f  M o n t a n a  USGS M e r i d i a n  B e n c h  Mark 
w i t h  a n  e s t a b l i s h e d  v a l u e  o f  9 8 0 5 4 1 . 7 7 6  m i l l i g a l s )
B o u g u e r
E l e v a t i o n A nom aly
S t a t i o n L a t i t u d e L o n g i t u d e ( m e t e r s ) ( m g a l s )
Drummond T r a v e r s e
1 -1 N 4 6 . 8 6 1 ° W 1 1 3 .0 0 6 ° 1 3 1 9 - 4 8 - 1 6 2 . 9 8 2
1 - 2 4 6 . 8 2 3 1 1 3 . 0 2 6 1 3 6 7 . 0 3 - 1 5 0 . 0 2 4
1 - 3 4 6 .  803 1 1 3 . 0 5 6 1 3 9 0 . 1 9 - 1 5 2 . 3 7 1
1 - 4 4 6 . ?6 0 1 1 3 . 0 7 4 1 4 4 5 . 3 6 - 1 5 2 . 7 3 5
1 - 5 4 6 . 7 1 5 1 1 3 . 0 8 6 1 5 2 7 . 6 6 - 1 4 9 . 9 3 9
1 - 6 4 6 . 6 8 5 1 1 3 . 1 0 8 1 5 2 2 . 1 7 - 1 5 0 . 9 1 7
1 - 7 4 6 . 6 6 2 1 1 3 . 1 3 7 1 2 0 7 . 0 1 - 1 5 3 . 7 8 5
1 - 8 4 6 . 6 3 3 1 1 3 . 1 6 5 1 2 0 3 . 1 7 - 1 6 5 . 6 6 5
1 - 9 4 6 . 6 1 3 1 1 3 . 1 7 8 1 2 5 2 . 7 3 - 1 6 7 . 6 6 0
1 - 1 0 4 6 .  585 1 1 3 . 1 9 6 1 2 8 2 . 6 0 - 1 7 2 . 4 7 4
1 -1 1 4 6 . 5 6 3 1 1 3 . 2 1 1 1 3 0 0 . 2 8 - 1 6 5 . 6 5 5
1 - 1 2 4 6 . 5 0 5 1 1 3 . 2 2 7 1 3 7 8 . 9 2 - 1 6 7 . 3 5 1
1 - 1 3 4 6 . 4 5 8 1 1 3 . 2 3 1 1 4 9 8 .  70 - 1 6 8 . 2 9 9
M i s s o u l a T r a v e r s e
2 -1 N 4 7 . 2 1 3 ° W 1 1 3 .9 3 2 ° 1 2 5 6 . 6 9 - 1 2 7 . 9 5 1
2 - 2 4 7 . 1 7 3 1 1 3 . 9 6 6 1 0 7 4 . 4 2 - 1 2 8 .981
2 - 3 4 7 . 1 3 9 1 1 3 . 9 9 0 1 3 8 9 . 8 9 - 1 4 0 . 2 0 4
2 - 4 4 7 . 1 1 0 1 1 4 .  017 1 1 6 7 . 9 9 - 1 3 9 . 5 4 3
2 - 5 4 ? . 0 7 6 1 1 4 .  048 1 1 8 4 . 4 5 - 1 3 1 . 2 6 4
2 - 6 4 7 . 0 3 2 1 1 4 . 0 9 1 1 2 0 5 . 8 0 - 1 3 0 . 5 4 2
2 - 7 4 7 . 0 1 0 1 1 4 . 1 2 2 1 0 7 2 . 9 0 - 1 4 3 . 0 1 4
2 - 8 4 6 . 9 6 5 1 1 4 . 1 1 7 1 0 0 7 . 6 7 - 1 4 6 . 3 0 9
2 - 9 4 6 . 9 3 0 1 1 4 . 0 9 6 9 7 9 . 6 3 - 1 4 8 . 1 0 8
2 - 1 0 4 6 . 8 9 4 1 1 4 . 1 0 7 9 7 5 . 0 6 - 1 4 7 . 1 4 9
2 -1 1 4 6 .8 5 1 1 1 4 . I l l 9 7 2 . 6 2 - 1 4 0 . 3 6 4
2 - 1 2 4 6 . 8 0 8 1 1 4 . 1 0 9 1 2 2 0 . 7 2 - 1 3 6 . 4 6 7
2 - 1 3 4 6 . 7 5 6 1 1 4 . 1 0 0 9 7 8 . 1 0 - 1 4 8 . 1 7 0
2 - 1 4 4 6 . 6 7 2 1 1 4 . 1 1 0 1 2 1 9 . 2 0 - 1 5 6 . 7 3 4
2 - 1 5 4 6 . 6 3 2 1 1 4 . 0 7 8 9 8 6 . 3 3 - 1 6 8 . 7 5 6
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TABLE 5 C o n t i n u e d
S t a t i o n L a t i t u d e L o n g i t u d e
E l e v a t i o n  
( m e t e r s )
B o u g u e r  
'A nom aly  
( m g a l s )
S u p e r i o r
3 - 1
T r a v e r s e  
N 4 7 .4 8 8 ° W 1 1 4 .8 4 4 ° 9 3 ^ . 5 2 - 1 1 5 . 4 2 3
3 - 2 4 7 . 4 6 2 1 1 4 . 8 5 2 8 2 6 . 3 1 - 1 1 9 . 0 2 0
3 - 3 4 7 . 4 2 4 1 1 4 . 8 4 2 7 5 3 . ^ 6 - 1 1 8 . 7 5 1
3 - 4 4 7 . 3 9 0 1 1 4 . 8 0 4 7 5 8 . 6 5 - 1 2 0 . 2 0 1
3 - 5 4 7 . 3 6 0 1 1 4 . 7 8 8 7 5 9 . 5 6 - 1 2 0 . 6 8 0
3 - 6 4 7 . 3 1 6 1 1 4 . 8 0 9 7 6 5 . 6 6 - 1 2 7 . 2 6 1
3 - 7 4 7 . 2 8 2 1 1 4 . 8 4 6 1 9 0 7 . 7 4 - 1 2 7 . 6 7 4
3 - 8 4 7 . 2 5 2 1 1 4 . 8 5 5 1 6 1 3 . 6 1 - 1 2 4 . 8 3 0
3 - 9 4 7 . 2 2 6 1 1 4 . 8 7 5 9 7 5 . 3 6 - 1 3 4 . 8 4 0
3 - 1 0 4 7 . 1 9 2 1 1 4 . 8 9 3 8 2 9 . 0 6 - 1 3 9 . 6 0 0
3 - U 4 7 . 1 5 8 1 1 4 . 9 1 3 8 8 7 . 2 7 - 1 4 1 . 4 5 5
3 - 1 2 4 7 . 1 2 6 1 1 4 . 9 0 6 1 7 0 9 . 3 2 - 1 3 2 . 6 3 0
3 - 1 3 4 7 . 0 7 2 1 1 4 . 9 2 8 1 0 2 6 . 8 7 - 1 4 2 . 8 9 2
3 - 1 4 4 7 . 0 4 6 1 1 4 . 9 5 4 1 1 3 7 . 2 1 - 1 3 7 . 8 1 4
3 - 1 5 4 7 . 0 1 7 1 1 4 . 9 9 0 1 2 8 1 . 0 7 - 1 4 3 . 3 6 7
L o o k o u t
4 - 1
P a s s  T r a v e r s e
N 4 7 . 6 2 5 ° W1 1 5 - 6 9 6 ° 1 8 7 8 . 1 8 - 1 1 5 . 5 6 6
4 - 2 4 7 . 5 7 3 1 1 5 . 7 0 3 1 4 4 5 . 6 7 - 1 1 5 . 3 3 6
4 - 3 4 7 . 5 2 5 1 1 5 . 7 0 4 1 7 6 8 . 4 5 - 1 1 3 . 9 2 7
4 - 4 4 7 . 4 8 1 1 1 5 . 7 4 2 1 4 3 3 - 1 7 - 1 1 6 . 0 9 0
4 - 5 4 7 . 4 5 6 1 1 5 . 6 9 6 1 4 4 0 . 1 8 - 1 2 1 . 1 3 8
4 - 6 4 7 . 4 2 0 1 1 5 . 6 6 7 1 4 7 4 . 6 2 - 1 2 4 . 9 4 5
4 - 7 4 7 . 3 8 0 1 1 5 . 6 6 7 1 2 6 4 . 0 0 - 1 2 3 . 6 7 7
4 - 8 4 7 . 3 5 ^ 1 1 5 . 8 9 6 9 7 3 . 2 3 - 1 2 3 . 4 0 1
4 - 9 4 7 . 3 2 1 1 1 5 . 7 5 9 9 0 2 . 5 1 - 1 2 3 . 2 1 1
4 - 1 0 4 7 . 2 9 3 1 1 5 . 7 7 4 8 4 6 . 4 3 - 1 2 4 . 0 1 8
4 - 1 1 4 7 . 2 5 1 1 1 5 . 8 0 9 7 5 7 . 1 2 - 1 2 2 . 5 0 8
4 - 1 2 4 7 . 2 2 5 1 1 5 . 8 2 5 1 3 2 1 . 3 1 - 1 1 5 . 9 7 6
4 - 1 3 4 7 . 1 9 5 1 1 5 . 8 0 9 1 4 1 3 . 0 5 - 1 1 6 . 5 2 2
4 - 1 4 4 7 . 1 4 1 1 1 5 . 8 2 8 1 5 6 9 . 7 2 - 1 1 1 . 092
4 - 1 5 4 7 . 1 2 0 1 1 5 . 8 5 6 1 5 0 9 . 0 6 - U 3 . 5 5 1
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